Mobile Lidar Mapping: Pegasus
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What is PEGASUS?

Pegasus is a comprehensive solution for

¥ LIDAR and image data acquisition

¥ Data post-processing

¥V Stereoscopic 3D GIS interface for digitising spatial objects

¥V Spatial data acquisition of the highest accuracy

S ads
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Point Cloud Approach

“Everything from the point cloud”
approach TS =

Setup

¥ Point clouds with a very high Level
of detail are required.
¥ Meaning:
Several laser scanners

Lower acquisition speed of
the mobile platform

Huge files

¥ Disadvantages:

High system costs

Lower acquisition throughput
Lower processing throughput
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Photography Approach

“Everything from phOtographS” TLT&‘}? g -5z~ ,H-\“E‘qg G @@ o ¢ 5@
approach

=
=]
I

LJ[E]

—

¥V At the face value, a more
natural approach for
nonprofessional users

¥V Asregards accuracy, lags
behind laser scanner systems

¥V Digitisation errors are difficult
to discover

¥ Adequate for less accurate
applications
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Mobile Mapping Market Today

¥ Video Logging ¥V Survey Grade

e Fast e Accurate

® Intuitive e Complete

®* Asset Management / e Corridor Surveys
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The Pegasus Approach

Combined “Pegasus” approach

¥ Using video-cameras for the rapid
navigation through the dataset

Use imagery for feature identification

Pt Tk 20

Use point clouds for measurements T SRR

Meaning:
The density of point clouds is less
critical
Amount of data manageable
¥ Your advantages:

Simple objects recognition

High acquisition and processing throughput
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Pegasus Platform Principles

» User portability and mobility
* Vehicle independence
* Not limited by the sensor
« Economic data collection / economical on time
1 km = 1.5 Gb data with Profiler 9012 scanner
* 1 hr acquisition =1 hr post-process, no colorization
 Single scanner vs dual scanner
 Single scanner lower noise, no calibration
- Easy of use
» “Google street” style to spherical view interface

*No Return to Site “Guarantee” — nothing missed
- Camera and Lidar calibrated to together, 360° view
« Camera calibrated — photogrammetry to add to point cloud
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Pegasus Operational Concepts

e Single laser scanner with GNSS
receiver, Inertial Measurement Unit
(IMU) and a Distance Measurement
Instrument (DMI)

e Laser scanner determines relative
position and reflectance properties
of points

e Cameras provide 360 degree
coverage to complement laser data.

e |mages provide feature
identification, rapid navigation
through data and stereo

measurements
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Pegasus Two Operational Concepts

Density of the point cloud is dependent on the scan rate of the scanner, number of
points collected per second, and the speed that the vehicle is traveling.

Density of the image coverage is based on an operator specified distance, and is limited
by the maximum frame rate of the video cameras.

The geospatial accuracy of the point cloud and images are derived from the GNSS/INS
system. The point cloud and imagery are time referenced to the vehicle trajectory.

The GNSS provides position updates to correct the INS position drift. The DMI provides
another external position update for areas with GNSS outage.

Using base stations relatively close to the project area, the GNSS / INS errors are
modeled and corrected to significantly improve the trajectory accuracy.
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Pegasus Two Operational Concepts

The system is vehicle independent. It can easily be shipped and fitted to any vehicle with
installed factory rails.

The system does not require a specialized laptop for operation. The system uses a laptop or
tablet to remotely connect to an integrated PC.

Calibration of the system includes:

e|nternal calibration of the video cameras to determine distortions and deformations.
e External calibration of the video cameras to establish spatial offset and orientation with respect to the IMU.
e Calibration of the laser scanner to establish spatial offset and misalignment with respect to the IMU.

e Calibration of GNSS lever arms to establish spatial offset between the GNSS antenna and the IMU
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Pegasus Two Operational Concepts

Feature extraction is accomplished in the ESRI ArcGIS environment.
Feature data is populated directly into a user defined feature database.
Operator can collect both the spatial location of the features plus defined attributes.

Feature measurements can be accomplished on the point cloud, on the images
registered to the point cloud, or on the images alone.

Spatial accuracy is a function of the GNSS/IMU trajectory, but relative adjustments
between individual tracks can be accomplished, and the trajectory can be adjusted to
ground control points.
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Camera System Global GNASS/GPS

[ Triple band / all
constellations / Novatel
Propak 6

Sky / road camera ()

Laser Scanner
Leica P20 (removable)
Z+F 9012 Profile

_ : ‘ : Light Sensor
® A \ S Automatic light sensor /
- i exposure control

Power Supply
One cable connection{_J
10 hours operation time

Camera System

8 CCD Cameras

4 Mega Pixels, 360°
Coverage

Roof Mounting
Standard roof rack
System fits in one case

Handles

mounting

[ )Access around unit for easier



2D Profiler 3D HDS
Z+F Profile 9012 Leica P20

= 200 Hz rotation speed = 100 Hz rotation speed

3 lIjro/frille every 5cm @ 36 =  Profile every 10 cm @ 36 km/h
m

. . "  Flexible installation
=  Permanent installation
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Supported Laser Scanner

¥ Laser Scanner / Z+F profiler 9012

0.3 to 119 meter range
360 degree Field of View

Maximum scan rate of 200 profiles per
second

Scan rate of 1.016 million points per
second

Data is stored on an internal 128 GB SATA
drive

Interface through a 1 GB ethernet
connection

Relative accuracy of point cloud is less
than 3 mm

Operating temperature range is -10 to 45
degrees Celsius
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Pegasus system hardware components

¥ Laser Scanner / P20

Range out to 120 meters

360 x 270 degree Field of View (horizontal
[ vertical)

Maximum scan rate of 100 profiles per
second with external battery

Scan rate of 1.016 million points per
second

Data is stored on an internal 256 GB solid
state drive

Interface through a 1 GB ethernet
connection

Relative accuracy of point cloud is 3 mm
at 50 meters, 6 mm at 100 meters

Operating temperature range is -20 to 55
degrees Celsius
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Pegasus System Accuracy

¥ Novatel SPAN IMU-FSAS

PERFORMANCE DURING GNSS OUTAGES!

POSITION ACCURACY

VELOCITY ACCURACY

ATTITUDE ACCURACY

(M) RM5 (M/5) RM5 (DEGREES)* RMS
Outage Positioning
Duration Mode Horizontal Vertical Horizontal Vertical Roll Pitch Heading
RTK? 0.020 0.050 0.020 0.010 0.008 0.008 0023
Qs 5P 1.200 0.600 0.020 0.010 0.009 0.013 0024
Pp2 0.010 0.015 0.020 0.010 0.008 0.008 0012
RTK? 0130 0.0e0 0.026 0.010 0.010 0.010 0.025
10 s 5P 1.3240 0.670 0.035 0011 0.014 0.014 0026
Pp2 0.020 0.020 0.020 0.010 0.008 0.008 0.013
RTK? 3.500 0.320 0135 0.015 0.015 0.015 0040
60 s 5P 4.440 0.B70 0151 0.015 0.018 0.018 0040
Pp2 0130 0.050 0.030 0.020 0.010 0.010 0016
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Pegasus System Accuracy

¥ Novatel SPAN IMU-FSAS

C5: 58151 I-75 From State Line to Morth of Erie Road
JN: 118803C RAW LiDAR Data Compared to Control Targets (Z)
BEFORE TRAJECTORY ADIUSTMENTS

Track_A Southbound Outside Shoulder,

POINT ID XORIG YORIG ZO0RIG X ¥ Z DX | DY) DE

973 4073651.421| 29986459 | 176.665 | 4073651.421| 29986.459| 176.63%| O | O | -0.026

734 4073647.94 | 30133.463 | 176.654 | 4073647.94 | 30133.463| 176.632| 0 | O | -0.021 |Track_A Southbound Outside Shoulder

636 4073658907 | 29088.583 | 170.449 | 4073658907 29088.583 | 176431 0 | 0| -0.018

2969 ANT73655.6360| 29824.414 | 176.466 | 40736555636 29824414 176448 | 0 | O | -0.018 Paositive Max Error 0.023
737 4073648.476| 30188.8%6| 176.603 | 4073648.476| 30188.896| 176.584| 0 | 0| -0.018 Megative Max Error -0.026
1128 4073650.522| 30224.064 | 176.608 | 4073650.522] 30224.064| 176559 | 0 | O | -0.018 Average 0.000
268 4073637.373| 29823.881 | 176.394 | 4073637.373| 29823.881| 176.377| O | 0| -0.017 5td Deviation 0.010
1077 4073616686 | 30062.508 | 176.088 | 4073616.5086| 30002.508| 176.071| 0 | O | -0.016 5% 0.021
261 4073659401 29343198 | 177.145| 4073655.401] 29343.198| 177.131| 0 | 0| -0.014

260 4073643.331| 29344.777 | 176.636| 4073643.331| 29344.777| 176621 O | 0| -0.014

77 4073685.958| 30421.621| 176.6587 | 4073685.958| 30421.621| 176683 0 | O | -0.014

024 4073539.458| 28670879 | 177.134 | 4073535.458| 28670879 177.121| 0 | 0| -0.013

733 4073633.297| 30133.418| 177.131 | 4073633.297| 30133.418) 177.11%| 0 | 0 | -0.013

201 4073053.601| 26254.197 | 177.318| 4073053.601| 26254.197| 177.5306| 0 | O | -0.012

632 4073647.498| 29232.619| 177.429| 4073647 498| 29232.619| 177417 0 | 0| -0.012

63l 4073633.313| 29234.686| 176.979 | 4073633.313| 29234.696| 176.967| 0 | O | -0.012

=l 4073634.593| 29520.103 | 170.469 | 4073634.593| 29520.103 | 176.456| 0 | 0| -0.012

738 4073634.169| 30198.542 | 177.233 | 4073634.169| 30198.542| 177.222| 0 | 0| -0.012

972 4073631.953| 29586.073 | 176.344 | 4073631.953| 29586.073| 176.333| 0 | 0| -0.011

1127 4073636.995| 30242.674 | 177.236| 4073636995 30242.674| 177.226| 0 | 0| -0.011

925 4073320.058| 27583.621| 176.855 | 4073320.058] 27583.621| 176.845| 0 | 0| -0.01

249 4073529.729| 28028.232 | 176.871 | 4073529.729| 28028.232| 17686 | 0| 0| -0.01
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Pegasus system software components

¥ Mobile Data Acquisition

@ PEGASUS MDA Map
Generate Tracks >>> | & & i | ¥ ©

= [v Raly_water

- [v #aly_highway

= ¥ 26 MAR2012

- v 23APR201Z

= [v 28MAG 2012

- v 18LUG2012

- [¥ GVS position
- [v 01AGO 2012

Ok Cance!

& htip://172.20.1.151 /scaning |

Caml S8 ws

Camh 48w Comb A0
Novatel SPAN control

dt Events Lost Frames GNSS Error

= m

e ]

HL @O

HDS7000 3160 - Scanming

Abort

scanning

Progress 1016 Lines

Time:0min 20sec Current filesize:27.0MB Part:1 File: profiler/2012.02.07-10.34.29
Profiler.zfs

Laser:1 Recordinput:0

Counter 1:219inc 2:0inc

10m

oo ] 0.007
T T '

Speed | Space Frame dist: / CPU Load IAM overload

[ 0.0 [0][0.0] | 0.0

SAT  INS status GHSS status

1 | HNovatel SPAN??? | INSUFFICIENT_OBS
OARSESTEERING, 1674, 205322.000,60480000,0000,470; INSUFFICIENT_OBS,NONE,0.0

[
| SPAHN Log : "03828503.gps” (46 kb)

&= PEGASUS - 3D Mobile Data Acquisition - JUL 2042 =107 |
Eile Acquisiton Miscellaneous

Mission Control Miscellaneous | Hardware Setup | Debug |

R T G R |

Emisphere :
& North  South
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Pegasus system software components

¥ Novatel Inertial Explorer

W& Hardy toll - Inertial Explorer 8.50 =3 =R

File View Process Settings Output Tools Window Help

DEEHS $ 4120 8 DR EH HEe 32k @@

[B] Smoothed Combined - Map o (==

2 Hardy._toll [Smoothed Combined] - Estimated Position Accuracy Plot

Estimated StdDev fm)

Al
0.00

18:20:00 18:40:00 19:00:00 19:20:00 19:40.00 20:00:00 20:20:00
03/07/2014

= | Hardy_toll GPS Time (HMS, GMT zone) 12:22:43 0n 22412014 7

i3 fr: [—=East [—North |—Heioht |—Trace [Right click for more options

[Lat: [Lna: [+Unk [-@1 [+ 02 [+ a3 [+ a4 [+ a5 [+ 06 [GEO, DMSIm
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Pegasus system software components

¥ Novatel Inertial Explorer

307602.000

Epoch: 3576-K

Time: 307602.0000 1810(|13:26:42.0000(| 09/17/2014

oo 4030|| -7414
Position: 12.82005|15.15989 -22.731 (DMS,m).

Quality: 3 Amb: FIXED
nSats(tot,gps,glo): 9 6 3
DOPs(PH,V): 217 1.74 1.31
SD(e,n,h): 0.016 0.013 0.011
Vel(e,n,h): 0472 -2.180 -0.016
Sep(e,n,h): -0.052 -0.085 -0.097 {m),
IMU Status: GPS! GP TR
Att(r,p,h): 1.37297|(-0.82741 166.92596||(deg,approx)
PosMiscl: 0.051 m

=

WAY P=3=INT|

PRODUCTS GROUP
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Pegasus system software com

¥ Novatel Inertial Explorer

Figure 2: E4 Sciences Bridge [Smoothed TC Combined] - Estimated Position Accuracy Plot
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Pegasus system software components

¥ Pegasus Automatic Post Processing Software

P PEGASUS - Automatic Processing - 2014.2.1.F j ) [m] |5]|

=l01x]

8 PEGASUS - Automatic Processing - 2014.2.1.F i
- V) ICTET——TETR—— o
' ; ° BT
7 :;' . 1
Cameras |Laser Scanner | Utiities | Copyright |
~ Workfiow : "Cameras  Laser Scanner | Utiities | Copyright |

1. JPEG extraction — Workflow :
2, Time align S Type Cameras l Laser Scanner  Utilities I Copyright I

" Leica HDS P20
3. Import trajectory data

il & Z+F 501079012

thoss e  Velodgne HDL32 - S
5. Generate spheric images (opt) -
6. Create Esti Shapefile 1. Import ZFS files >>> "’“‘“

2. Generate 3D Point Cloud >>>

3. Link AVU with GLD >>>

Point Cloud Utis
IacGDs-284-232h @ Coordinates Utils
|acGDS-284-232h
|acGDs-284-232h
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Pegasus system software components

¥ ArcGDS Software

QR FG 0w - Ay - ArcView L
e[St Pon Boctmans juet Sdectien Joch fimdon Help
Ded s a2 $ [ JleeDn Q@ ::‘“‘..“'o 2013_OCT 05 8 20111005 5313 1) Wis
fdggw » F - I . -] | - s flee Y & v
Tok [Mesnss | ] ! 3

[ & tayens b
£
§
{
s
M
' u' 2~
L™
B ArcGDS
Inet

AT00AT) SROBRXS 45 Unimown Untsy




3D acquisition of spatial data

The aim is to create and manage GIS objects from images and clouds in a full

3D environment

¥ Image sequence (video)
for the rapid navigation
and object recognition

¥ Point clouds for an
accurate measurement

¥ 3D stereoscopic view to
decrease errors and
increase throughput

Tk A2
sy

ot 10
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(B video - Track_b ()

Hr Qo -&lg Car]

o | S | B | o

E ) TxpoTCSETTTTgS

Route 2 x
From Here:
sl
Stops:
k]
1
Contents

[# [¥]%% PegTracks
(D Basemap (Imagery)

P 3
¢ 3p | Point thickness:

Source: NASA] NGA, US%

e |0 © ©[© @9 | G (= e[az-mBsenmO TR 0E a0 i m
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k_b_20140622_171119 Profiler.zfs_15

———— e

zaom: [0 =] o] [ ¢z
FOV: T =

D Snap
[2 606 938.713, 6 720 320.695 |[383.603 |[0.351 | IF(- op | Parallax: T f
N | b= %]_EI— s & 3p | Pointthickness: [2 |$
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3D acquisition of spatial data

R DO Voima - Aochip - Arcitn
P

Eile Edit Yoew Bookmarks [nset Selecton Jools Window Help ] Yeack B_201206.08-34 42.0% Prefiler.ofs O
DEES s2@X « | & ] 4| & @B 3N | tsor~| > | S
QAnLOOEH B ROMNLE! ID | YAawBDEEEL L — 1o

vvvvvvvvvvv

BArcGDS

344469.403 4398676.473 Unknonn Units

¥ Wherever 3D points can be acquired also via photogrametric process,
e.g. when laser scanner data are missing

¥ Unique 3D pointer (current 3D position) to determine the location in 3D
stereoscopic view from the iz point cloud or any camera image

¥ The pointer snaps automatically and continuously onto the point cloud (snapping)
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ArcGDS Tools - Cross Sections

7 Track_A_Track_A 20130205 110652 Profiler.sfs 2
Setup

Task: Measure =) Taget GVSTracks

(4]

sshjeuy 2ued | saingay wvar]

Filmati - Track A ()
W ze-m @B -

Paralax

RAE- 107 = . e~ B F. Porttrickness: 2 &)

Inet _ 2Cur=62836 ZRef=628.86
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ArcGDS Tools

¥ Automated Pole Extraction

Q) Profiles2012.mud - Archap
flle Edt View Bockmarks Inset Selection Geoprocessing Customuze \Windows Help
vl BEE @O Iy TNEditing~ Create TIN From Features...

beas a b & - 1600
R M H R &l KOy BE & B g | LASOataser~ - Filtess Y —
QB QI 5 rBZ RS v RN ) ) Track A Nel57 middie HOO1 Profder 45,19 == pow
Edwor~ | » b n o : P & : Setup
Table Of Contents 2x = - B
Pole recognton %
28 G 8 5

d e
0 pa2

Edgetype

Filmati - Track A0
B> Qe ET@B s BS®

Z

ssiguy mund | sanquay wvor

Inert Wwrwi?4.78, Refw174.81, D2w1.66

| &)

o 2 =:alQl

(5
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ArcGDS Tools

¥ Automated Sigh Extraction

a Peofiler012.nud - ArcMap =]
Bockmerks Insert Selection  Geopro Customize Windows Help
B LN B T P EEESE 3= 5 | TINEditing~ Create TIN From Features... o
QLOMQ I - B - L3 ZAGERAA  TaR Bl g | LasDataser~ z Eilters.~
Nl:th 79 - =] &) Track_A_Ni1ST middle HODE Profiler.zfs 4 =il
o x ~
| BED0wd/R0odd SOl recagrtion Sibox e c

getype
Soft Edge
Hard Edge
Elevation
165764 - 166.776

166752 - 166.764
W 166,74 - 166.752

-16674
16 - 166728
- 166716
166T0L

166682
Filmati - Track A )

Inert

2Curwi?5,92, ZRefw175.92
[@eaw
er of features

J[or@lea] Qe

Cl

Distance from the road :

ost(mu): 302

Camera Frame :

nt
\\\\\\\\\\\\\\\\\\‘*\\\\\\\\\\\\\\\\\\

SetPy
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ArcGDS Tools

¥ Edge Detection and Road Centerline

O T A N e L B

E ArcGDS
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Applications

High accuracy

measurements (15-

20 mm)

= Engineering
topography

= As-builts and

construction
monitoring

= Detailed profiles of
tunnels and bridges

= Measurement of
deformations

Medium accuracy

measurements (3

cm)

= Designing and
planning corridors

= Detailed descriptions

of transport
infrastructure

=  Environmental
measurements

= Earthworks
measurements

= Mapping urban areas

= Analysis of erosion of
coastal areas

Lower accuracy
measurements (10
cm)

Asset collection

Preliminary town and
rural planning

Statistics of transport
routes

General descriptions
of transport
infrastructure
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Plug and play
with selected
scanners and
profilers. Take

Software
embeddedin
ESRI ArcGIS

your existing Leica Market leader
scanner mobile Geosystems in GIS
Pegasus:One development
- roadmap
pﬂoggl_slijﬁoms ind‘;ezl::lldeent Brand value & Google Street
P future proof view style

fly-in, map, fly-
out. Two cases.
No dedicated

modified
vehicle

Professional

One supplier

Single software

and non-
Balances data professional
needs with users

config & speed

and hardware

solution from a Combined Delivers a

single provider imagery and customer ROI 3D stereo

point cloud option

Single calibrated Improved work
intuitive solution: flow within

multiple ways of ArcGIS
xyz collection

-
- when it has to be right im,.

Geosystems
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Video - Track A ()

CInet  ZCur=16111, ZRef=161.24,

2] Track_A_Track_A_20130828_201236 Profilerzfs.6

| SBAREUY usg] | 2T SV

1 gp  Parallax: [ FOV: 0

f\ﬂ?/f o » o Pontthickness: 1 &
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